Stereoselective hydrolysis of amino acid esters have attracted considerable attention in connection with understanding the origins of the stereoselectivity observed with proteolytic enzymes. In the course of our study on the enantioselective hydrolysis (deacylation) of amino acid esters with the functional molecular assemblies composed of surfactants and reactive species, we emphasized that the stereochemical control could be attained by changing the composition of the coaggregates 1-4) and regulating ionic strength 5, 6) and temperature. 7, 8) Furthermore, since cyclodextrins (CyDs) have been noted as useful enzyme mimics, 9-12) we employed CyDs as host molecules and a markedly high stereoselectivity was attained in the diastereoselective deacylation of dipeptide esters.
Stereoselective hydrolysis of amino acid esters have attracted considerable attention in connection with understanding the origins of the stereoselectivity observed with proteolytic enzymes. In the course of our study on the enantioselective hydrolysis (deacylation) of amino acid esters with the functional molecular assemblies composed of surfactants and reactive species, we emphasized that the stereochemical control could be attained by changing the composition of the coaggregates [1] [2] [3] [4] and regulating ionic strength 5, 6) and temperature. 7, 8) Furthermore, since cyclodextrins (CyDs) have been noted as useful enzyme mimics, [9] [10] [11] [12] we employed CyDs as host molecules and a markedly high stereoselectivity was attained in the diastereoselective deacylation of dipeptide esters. 13) On the other hand, Ueno reported the high D-enantiomer-selective deacylation of amino acid esters mediated by modified b-CyDs.
14) However, little has been known about the significant enantioselectivity for the deacylation of amino acid esters with unmodified CyDs. 15) In this study, we report the successful experimental results with marked enantioselectivity for the deacylation of Z-D(L)-amino acid esters (N-(benzyloxycarbonyl)-D(L)-amino acid pnitrophenyl esters) as mediated by unmodified CyDs, and the computer modeling (molecular mechanics) studies on the inclusion complexes of g-CyD with the specific substrates are also presented.
Results and Discussion
With respect to the enantioselective hydrolysis (deacyla- On the other hand, Table 4 shows the results of energies for the inclusion complexes on Z-D(L)-Ala-PNP having different shapes with g-CyD calculated by molecular mechanics with water solvent effects. It was suggested that the conformation of a hairpin shape (Fig. 2a) should be more favorable as compared with the straight shape ( Fig. 2b) for the inclusion complex on D-or L-isomer and g-CyD. Furthermore, the energy of the inclusion complex with L-isomer was lower than that with D-isomer, which is in harmony with the K b value (L/Dϭ1.2) for the binding process on Z-D(L)-Ala-PNP and g-CyD. Therefore, it was estimable that Z-D(L)-Ala-PNP having a hairpin shape was encapsulated by g-CyD as in Fig.  3 . Plausibly, the complex between g-CyD and L-isomer having a hairpin shape should be more efficient for the next dea- cylation step as compared with that between g-CyD and the corresponding D-isomer. More detailed modeling studies are being continued in order to gain further insight into the origin of the marked enantioselectivity.
Cyclodextrin-Mediated Deacylation of Amino Acid Esters with Marked Stereoselectivity

Kinetic Parameters for the Deacylation of Z-D(L)-Amino
Acid p-Nitrophenyl Esters Mediated by a-CyDk 2 (s Ϫ1 ) K b (M Ϫ1 ) k 2 K b (M Ϫ1 s Ϫ1 ) Substrate k s (s Ϫ1 ) L/D L /D L /D L-Isomer D-Isomer L-Isomer D-Isomer L-Isomer D-Isomer Z-k 2 (s Ϫ1 ) K b (M Ϫ1 ) k 2 K b (M Ϫ1 s Ϫ1 ) Substrate k s (s Ϫ1 ) L/D L /D L /D L-Isomer D-Isomer L-Isomer D-Isomer L-Isomer D-Isomer Z-Ϫ6 M, [b-CyD]ϭ(1.0Ϫ10)ϫ10 Ϫ3 M. a) [b-CyD]ϭ(0.10Ϫ10)ϫ10 Ϫ3 M.
Table 3. Kinetic Parameters for the Deacylation of Z-D(L)-Amino Acid p-Nitrophenyl Esters Mediated by g-CyD
In conclusion, the remarkably high enantioselectivity (L/Dϭ9.0) was observed for the hydrolysis (deacylation) of Z-D(L)-Ala-PNP mediated by unmodified g-CyD for the first time. The kinetic results on the basis of the MichaelisMenten principle indicate that this L-superior enantioselectivity should be mainly originated in the deacylation process of substrates following the formation of g-CyD-substrate (1 : 1) complexes. The computer modeling (molecular mechanics) studies supported the L enantioselectivity on the formation of inclusion complex with the more stable conformer of the guest. [17] [18] [19] molecular mechanics. Two minimum energy conformers of Z-D(L)-Ala-PNP were found, one had a hairpin shape with the p-nitrophenyl group located parallel to the Z group and the other had a straight shape with the p-nitrophenyl and Z groups located in opposite directions. These conformers of Z-D(L)-Ala-PNP were placed in the center of the cavity of g-CyD, and the most stable structures of the inclusion complex were searched in order to obtain the starting geometries for the molecular mechanics calculations with water solvent effects. The molecular mechanics calculations were performed by the conjugate gradient algorithm with OPLS all atom force fields 20) as implemented in MacroModel 7.1. 21) All of the calculations were carried out under the condition of Max Iterationϭ10000 steps, Converge Thresholdϭ0.0010. Solvation was achieved by using GB/SA solvation model 22) inside MacroModel 7.1. Furthermore, preliminary calculations for the formation of the intermediates in deacylation process have been attempted by the molecular dynamics and molecular mechanics methods.
